Aim :
The experiment was carried out for two consecutive years at Indian Agricultural Research Institute, New Delhi for the evaluation of soybean-based cropping systems with five nutrient supply options with respect to energy parameters, as well as carbon emission equivalents. The different inputs used in raising the crops and output of crops were converted into energy and carbon equivalents using standard conversion factors and used for computation of different energy and carbon efficiency indices.
The soybean-potato-mungbean system recorded significantly highest system productivity in terms of soybean seed-equivalent yield (7.68 t ha ), however soybean-chickpea-fodder sorghum system recorded highest net energy (333.9 ×10 MJ ha ), energy efficiency (9.56), energy productivity (179 gMJ ), energy profitability (8.6 MJ ha ), human energy profitability (105.2) and energy intensiveness (6.76). Soybean-chickpea-fodder sorghum system maintained higher carbon output and carbon efficiency which was 22.9 and 15.6% higher over soybean-wheat system, respectively. Among the nutrient supply options, application of 50% RDF + 50% RDN through FYM accounted for the highest energy output (286.1 MJ ha ), net energy (240.3 MJ ha ) and energy output efficiency (968 MJ ha day ) and also reduced the carbon flux to the atmosphere as compared to 100% RDF. The cropping system followed and sources of nutrient supply had considerable impact on utilization of energy, as well as carbon emission equivalents. Therefore, besides looking only upon productivity of a particular cropping system and management level, their relative energy efficiency and resultant impact on the environment should also be taken into consideration for ensuring judicious use of nonrenewable resources. 
Introduction
In the modern agriculture, increasing energy use efficiency and reducing carbon footprint of crop production are the two most important sustainability issues (Singh ., 2016) . Energy is the most valuable input in agricultural production, which is used in various forms such as mechanical (farm machines, human labour, animal draft), chemical (fertilizer, pesticides, herbicides) and electrical (Singh and Ahlawat, 2015) . Judicious use of these inputs is required to increase agricultural productivity without adversely affecting the environment. Crop yields and food supply to the consumers are directly linked to energy, which means sufficient energy is needed in the right form at right time for adequate crop production (Negi ., 2016) . The rising cost of energy has emphasized to conserve the energy particularly in India which is facing energy crisis caused by fuel shortage and high prices of diesel.
et al et al
The tillage and fertilizer management are the major contributors in energy consumption in any of the agricultural production systems, which are solely dependent on non-renewable energy sources ( . The nonrenewable energy is expensive and liable to exhaust innear future. The steady decline in the energy-use efficiency in the present agriculture is a matter of great concern. Increasing intensity of irrigation and fertilizers for higher productivity also increasing the energy consumption in crop production but at the same time decreasing the energy use efficiency (Sharma and Thakur,1989; Mandal ., 2002) .The rapid increase in productivity with intensive use of non-renewable energy sources has very short-term advantages and must have balance with long term cost to the society as whole for depleting the resources (Franzluebbers and Francis,1995) . The increasing intensity in cropping system also led to consumption of more energy, though it depends on the nature of crops in the system. Inclusion of legumes in the system reduces the energy inputs to a great extant as these crops require very less energy in production. Soybean-wheat system has been reported to be the most energy input system, whereas, soybean-chickpea was most energy productive and intensiveness in central part of India (Billore ., 2009). The conservation tillage (Cavalaries and Gemtos, 2004) and adoption of integrated approach for nutrient management offer most potential measures to minimize the dependency on non-renewable energy leading to increased share of renewable energy, which will pave the way for sustainability. Integration of organic manures with chemical fertilizers increase the energy productivity of soybean-based cropping systems, while reversed with chemical fertilizers alone (Billore ., 2005) .
Increased mechanization and intensification of agriculture has increased the utilization of fossil fuel, has greater impact on the global carbon and nitrogen cycles, possibly leading to the global temperature increase (Lal, 2004) . Efficient management practices are need to be identified which mitigate GHGs emissions to lower the carbon footprints of crop production activities (Gan ., 2011) as sustainability of crop production partly depends not solely on higher productivity on long run, but also depends on its carbon footprint to environment (Dubey and Lal, 2009) . Adopting improved agronomic practices such as using high yielding crop varieties, timely control of crop diseases, efficient crop rotations with crops which allocate more carbon below ground and judicious nutrient management can reduce the green house gas emission from crop production through sequestration of carbon in the soil (Smith ., 2008; Malmuti ., 2009; Khosa ., 2010; Oo ., 2016) . Integration of renewable sources of nutrients such as organic manures and biofertilizers can reduce the external supply of nutrients through chemical fertilizers and also increases the soil carbon pool and reduces the carbon flux out of the soil system. Therefore, recommendation of a cropping system for particular region, only per unit crop productivity and profitability should not be taken into consideration. The system should also be assessed in terms of energy consumption and impact on environment. Information on bio-energy output-input relationship and environment impact has rarely been quantified and analyzed in most of the cropping system followed. The present paper was carried out to analyze the energy budgeting and carbon footprints under different soybean-based cropping systems with various nutrient supply options.
The experiment was conducted for two consecutive years during rainy (July-October), winter (November-March) and summer (April-June) seasons of 2011-12 and 2012-13 at the research farm of Indian Agricultural Research Institute (IARI), New Delhi. The mean annual rainfall of Delhi is 650 mm and more than 80% generally occurs during the southwest monsoon season (July-September) with mean annual evaporation of 850 mm. The total rainfall received during JulyOctober, November-March and April-June was 434, 34, 21 and 482, 164, 162 mm during 2011-12 and 2012-13, respectively . The top 15 cm soil of the experimental field had 157 kg ha alkaline permanganate oxidizable N, 14.2 kg ha available P, 240 kg ha 1N ammonium acetate exchangeable K and 3.8 g kg organic carbon with 7.9 pH and 0.34 dSm EC.
The experiment was laid out in a stripplot design with three replications. The vertical strip consisted of four cropping systems, soybean ( (L.) M e r r i l l ) w h e a t (
and soybean-potato ( L.), while the horizontal strips consisted of five nutrient supply options (control, 100% recommended dose of fertilizers (RDF), 50% RDF + 50% recommended N(RDN) through farm yard manure (FYM), 50% RDF + 25% RDN through FYM + biofertilizers and 25% RDF + 50% RDN through FYM + 
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Journal The sources of fertilizer were urea for N (after adjusting the quantity of N given by di-ammonium phosphate), di-ammonium phosphate for N and P and muriate of potash for K. In soybean, chickpea and mungbean, all quantity of fertilizers was applied at the time of sowing. For wheat one third and for potato and fodder sorghum half of N and full dose of P and K were applied as basal.
Remaining N was given in two equal splits, after first irrigation and at tillering stage in wheat, whereas in potato and fodder sorghum remaining N was applied at 45 and at 30 days after sowing/planting, respectively. The FYM was applied before sowing of crops based on the nitrogen equivalent basis and requirement of each crop in respective plots. The average nutrients composition of FYM was 0.58, 0.28 and 0.53% of N, P and K, respectively. Seeds/tubers of crops were treated with / and PSB in respective treatments at the time of sowing.
The experiment was initiated with soybean crop in rainy season (July-October) in 2011. During winter season, wheat, chickpea and potato were grown after soybean harvest. Mungbean and fodder sorghum were grown in summer after harvest of winter season crops in respective cropping systems. The system productivity of all the cropping system was computed by converting economic yield of all the crops into soybean seedequivalent yield (SSEY), based on the prevailing market/minimum support price during each year.
The inputs and outputs of different crops were converted in terms of energy input and output using energy equivalents and used for calculation of different energy parameters as suggested by Singh and Mittal (1992) .
The inputs used and field operations adopted in raising the crops were converted into carbon input equivalent per hectare (C ha ) using the carbon emission equivalents (West and Marlend, 2002) and carbon output was calculated by multiplying the total biomass output of the crops with 0.44 as the plant biomass contains an average 44% carbon (Lal, 2004) . The carbon input and output so obtained were used to calculate carbon efficiency and carbon footprint (kg C kg SSEY). 
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The net carbon flux (kg C ha /year) is the difference between carbon sequestered in the soil and total carbon emission from all inputs and fuel/energy consumption from farm operations (West and Marland, 2002) .
Data obtained from the experiment were statistically analyzed using F-test (Gomez and Gomez, 1984) . LSD values at = 0.05 were used to determine the significance of difference between the treatment means.
Mean yield of soybean, wheat and mungbean did not differ significantly under different cropping systems (Table 1) . Significantly highest yield of soybean was recorded with the nutrient supply combination, where FYM and biofertilizers were added with lower levels of RDF (25% RDF + 50% RDN through FYM + and PSB). The lower level of RDF (25% RDF) under above treatment had low levels of fertilizer nitrogen which augmented nodulation in crop (Prajapat ., 2015) , might have resulted in higher biological nitrogen fixation and solubilization of more amount of phophorus by PSB, which was further enhanced by addition of organic manure and ultimately increased the growth and yield. Wheat grain and potato tuber yields were significantly higher under the nutrient supply of 100% RDF, being statistically at par with 50% RDF + 50% RDN-FYM. Wheat and potato crops require quick supply of nutrients and had better growth with readily available source of nutrients, therefore had better yield with RDF. The results are in conformity with the findings of Behera
. (2007) in wheat and Kumar . (2009) in potato. Whereas, significantly maximum chickpea seed yield was obtained in 50% RDF + 50% RDN treatment through FYM, followed by 100% RDF. As FYM and biofertilizers releases nutrients slowly meets the requirement of slow growing chickpea during winter season and increases the yield (Ramesh ., 2009).The above treatment also recorded significantly highest mungbean seed and sorghum green fodder yields.
System productivity in terms of soybean seed-equivalent yield (SSEY) indicated that soybean-potato-mungbean system registered significantly higher SSEY (7.68 t ha ), followed by soybean-chickpea-fodder sorghum (6.92 t ha ) (Table 1) . Further, SSEY was significantly highest (6.79 t ha ) with nutrient supply combination of 50% RDF + 50% RDN through FYM.
The energy input/consumption under different inputs and nutrient supply options of crops was computed mean over two years ( Table 2) . Out of total energy input, irrigation accounted for bulk of energy input in soybean (39.2%),wheat (42.9%), mungbean (49.8%) and fodder sorghum (41.6%). Seed requirement accounted for more than half of the total energy requirement under potato crop production (54.7%) due to high seed rate. Field operations required in the range of 14.1 to 30.5% of total energy required under different crops. Soybean, chickpea Soybean-potato-mungbean cropping system acquired highest energy input (49.3 ×10 MJ ha ), followed by soybean-wheat-mungbean (44.8 × 10 MJ ha ) and soybean-chickpea-fodder sorghum cropping system (38.8 ×10 MJ ha ) ( Table 3) .As wheat and potato require high irrigation and fertilizer this led to higher energy utilization by potato and wheat crops. Therefore, crop sequences having these crops increased the utilization of energy in the respective cropping systems. similar results were earlier reported by Mandal
. (2002) The nutrient supply treatments accounted for higher utilization of energy than unfertilized control (Table 3) control treatment required lower energy input, but could not achieve potential yield of crops without nutrient supplementation (Table 1) . Among the nutrient supply options, application of 100% RDF accounted for highest energy consumption (46.7 × 10 MJ ha ). The substitution of part of RDF through organic manure and/or biofertilizers (NM to NM ) resulted in reduced energy requirement for fertilization. The nutrient supply combination having 25% RDF along with 50% RDN through FYM and biofertilizers required least energy input (42.0× 10 MJ ha ).
The calorific energy output was highest under soybean-chickpea-fodder sorghum cropping system (370.7 ×10 MJ ha ), followed by soybean-wheat-mungbean cropping system (251.8 ×10 MJ ha ) ( Table 3 ). The wheat and sorghum crops in these systems showed high response to added fertilizers and irrigations, produced more biomass than potato and chickpea, consequently gave higher energy output from O n l i n e C o p y Energetics and carbon balance of soybean-based cropping systems respective cropping systems. The higher bio-energy output from wheat and maize crops due to production of higher biomass was also reported by Singh . (1997) and Jain . (2015) .Owing to higher energy output, soybean-chickpea-fodder sorghum cropping system recorded highest net energy (331.9 ×10 MJ ha ), energy efficiency (9.56), energy productivity (179.0 gMJ ), energy profitability (8.6), human energy profitability (105.2) and energy intensiveness (6.76) ( Table 3 ). The per day energy output was also found highest in soybean-chickpea-fodder sorghum cropping system as it accounted for highest energy output efficiency of 1158 MJ ha day . Soybean-wheat-mungbean cropping system had highest specific energy of 8.2 MJ kg over other cropping systems. This indicates that this cropping system requires high energy input to produce a unit output. Despite the higher energy consumption, the soybean-chickpea-fodder sorghum system had the capacity to convert the input energy into higher biomass production and resulted in higher energy use efficiencies.
Among the nutrient supply options, integration of 50% RDF along with 50% RDN through FYM resulted in highest total bio-energy production and net energy (Table 3 ). The higher energy output with integrated supply of nutrients due to increased biomass production was also reported by Billore
. (2005).The lowest energy output was noted with the unfertilized treatment. The highest energy use efficiency, energy productivity and energy output efficiency were recorded with the application of 25% RDF + 50% RDN through FYM and biofertilizers. The variable response was observed in other energy use indices under different nutrient supply options. The energy intensiveness was highest with 100% RDF as it accounted for lesser cost of nutrients when compared with FYM integrated treatment, while had the comparable energy output. The higher energy output and energy use efficiency recorded under nutrient sources combination having FYM and biofertilizers owing to higher productivity of most of the crops in the cropping systems. The results are in opinion with the results of Mandal . (2002) and Singh . (2015) who also observed higher energy output with combined use of nutrient sources.
Among the different inputs used for various practices, irrigation (25.9-47.4%), tillage operations (field preparations and sowing) (19.1-38.2%) and nutrient management (7.5-29.9%) accounted for higher carbon input or emission equivalent across all the crops (Table 4) .Crop intensification through inclusion of third crop in soybean-wheat cropping system led to increase in carbon input. Soybean-wheat-mungbeansystem increased 32.4% more carbon emission equivalent over soybean-wheat system (Table 5) . Similarly, soybean-chickpea-fodder sorghum and soybean-potato-mungbean systems had 22.9 and 15.6% higher carbon emission equivalent over that of soybean-wheat system. The soybean-chickpea-fodder sorghum system recorded significantly highest carbon output equivalent (9354 kg C ha ) as well as carbon efficiency (10.11).The higher carbon input under soybean-wheat-mungbean cropping system also -1 e led to significantly highest carbon footprint. The lowest carbon footprint was observed under soybean-potato-mungbean (0.115 kg C kg SSEY), followed by soybean-chickpea-fodder sorghum system (0.132 kg C kg SSEY).
Among the nutrient supply options, the substitution of 50% RDN through FYM in the treatment 50% RDF + 50% RDN through FYM slightly increased the carbon input (Table 5) . Singh
. (2015) and Parmar . (2016) also observed an increase in carbon input with addition of organic manures. However, 25% RDF + 50% RDN-FYM + biofertilizers and 50% RDF + 25% RDN-FYM + biofertilizers treatment decreased the carbon input as compared to above treatment. The nutrient supplementation treatments resulted in significant increase in carbon output to the extent >30% as compared to control treatment being highest where nutrient supply option comprised of 50% RDF + 50% RDN-FYM. The carbon efficiency was significantly highest in the nutrient supply of 25% RDF + 50% RDN-FYM + biofertilizers followed by 50% RDF + 50% RDN-FYM. The carbon footprint was significantly highest under unfertilized control treatment. This indicates that though it had lowest carbon emission equivalent but lower production of crop biomass resulted in low carbon output equivalent and higher carbon footprint. Other nutrient supply options maintained significantly lowest carbon footprint being lowest being at 25% RDF + 50% RDN-FYM + biofertilizers. Van Groenigen . (2010) also opined that optimization of nutrients supply through alternative source of nutrients with substantial reduction in chemical fertilizers can reduce the carbon footprint in crop production.
The estimation of net carbon flux provides the actual impact on the atmospheric CO concentration by using different agricultural practices. The carbon sequestration value alone pertains only to soil carbon stocks and is not representative of the effects of changes in agricultural practices on atmospheric CO (West and Marland, 2002) . Net carbon flux indicates whether a system is a net contributor to atmospheric CO or reduces CO . All the cropping system as well as nutrient supply combinations enhanced the carbon sequestration in the soil profile (Table 6 ). The soybean-wheat-mungbean system sequestered highest carbon in the soil followed by soybean-chickpea-fodder sorghum system. When carbon sequestered was compared with carbon emission under particular system, the net flux of carbon was negative in all the cropping systems. Despite of highest carbon sequestration, highest apparent loss in soil carbon was associated with soybean-wheat-mungbean (67 kg C ha year ). This strives for an alternative technique like residue retention in soil and minimum tillage to decrease the rate of loss of soil organic carbon and increase carbon sequestration in soil profile (Lal ., 1999) .
Among the nutrient supply options, the combination of nutrient sources having 50% RDN-FYM sequestered higher carbon in the soil profile and maintained positive values of carbon flux in the soil as compared to control and 100% RDF. This shows 
